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SCREW r OMPRFSSOR F OR COMPRESSING WET M ATTER AND A METHOD 
FOR COMPRESSING AND WASHING " 



TECHNICAL FIELD 

5 The present invention relates to a screw compressor for compressing matter, particularly 
wet matter, that passes through the screw compressor. The invention also relates to a 
method for compressing and dewatering wet matter such as domestic waste matter or 
fibrous pulp for example. 

10 BACKGROUND OF THE INVENTION 

Screw presses (screw compressors) are used for compression and/or dewatering of bulk 
matter. The puipose of this may be to attain a decrease in volume or to separate solid 
matter from liquid. A typical screw press comprises a rotatable screw that is encased in a 
casing. Screw presses are shown in SE 178 147 and US 4,838,995, for example. In a 

1 S screw press, it is desirable that the matter that passes through the screw press is brought 
to pass straight through the screw press without following the rotation of the screw. In 
order to prevent matter from following the rotation of the screw, it has been suggested in 
the above mentioned SE 178 147 to use counterstays inserted between the screw 
threads, in order to prevent a rotation tendency in the pulp that is fed through a screw 

20 press. Certain types of bulk matter may contain substances that are to be sorted out or 
separated from the rest of the matter. Certain types of waste matter may e.g. contain 
residues of fat and protein that is desirable to wash out, because organic matter may be 
worthwhile to recover. Domestic waste matter is advantageously broken up and diluted 
with water before compression, in order to achieve an extra washing effect. In paper 

25 pulp, it may be desirable to remove residual chemicals, acids or residual alkali for 
example. Yet another screw press for removal of chemicals from pulp is known from 
US Patent 2,355,091. This prior art device comprises a screw that is placed inside a 
casing that has an outer wall and an inner wall. It is stated that the iimer wall consists of 
a plate that is pervious to liquid. A channel is formed between the screw and the inner 

30 wall, the cross-sectional area of which being progressively reduced in a direction 

towards an outlet end of the screw press. In one section of the screw however, the depth 
of the screw increases so that the cross-sectional area of the channel suddenly increases. 
In this section, liquid is introduced from an internal chamber in the screw, via holes in 
the screw. Thereafter, the channel once again decreases in the direction towards the 

35 outlet end. It is stated that the liquid that is delivered accordingly is expressed through 
the holes in the pervious plate of the inner wall, v^thout creating any back pressure. The 
objective of the present invention is to provide a screw compressor and a method for 



wo 03/086739 



2 



PCT/SE03/00619 



compressing and washing matter, to achieve a more efficient washing of the matter that 
passes through the screw compressor and to more eflScientiy make use of such liquid 
that is introduced during the compression. 

5 BRIEF ACCOUNT OF THE INVENTION 

The invention relates to a screw compressor for compressing matter that passes through 
the screw compressor. The screw compressor comprises a screw having an outer thread 
with a pitch that decreases in the longitudinal direction of the screw, and a casing that 
CTLCases the screw. The casing has an inner side that faces the thread of the screw so that 

1 0 matter may be passed ahead through the screw compressor between the screw and the 
inner side of the casing in a direction from an inlet end of the screw compressor, where 
the pitch of the screw thread is greater, to an outlet end of the screw compressor, where 
the pitch of the screw thread is smaller. The screw compressor is disposed to axially 
press liquid that is pressed out from the matter, backwards in the longitudinal direction 

15 of the screw and in direction towards the inlet end of the screw compressor. 

Accordingly, the liquid that is pressed out from the matter will flow in counter current 
in relation to the matter, where after the liquid flows out via one or more holes that 
preferably are arranged in connection with the inlet end of the screw compressor. 
Preferably, the degree of compression in the screw compressor is constant from the inlet 

20 end to the outlet end. The constant degree of compression contributes to create a back 
pressure so that the liquid will flow in counter current to the matter. 

On the inside of the casing, there are appliances that are arranged to prevent matter that 
passes through the screw compressor from rotating along with the screw, but instead to 

25 pass essentially straight ahead in the longitudinal direction of the screw. Inside the 

screw, a conduit is arranged for supply of liquid. The conduit has a mouth on ttie outside 
of the screw so that liquid may be fed through the screw and be delivered to matter that 
passes through the screw compressor. The mouth is arranged on the outer surface of the 
screw, in order thereby to rotate with the screw so that liquid that is introduced via the 

30 conduit is unifonnly delivered to the matter that passes the screw compressor. The 

liquid supplied accordingly is pressed in counter current to the matter and in a direction 
towards the inlet end of the screw compressor. As is mentioned above, the degree of 
compression in the screw compressor is constant from the inlet end of the screw 
compressor to the outlet end of the screw compressor, in a preferred embodiment. Then, 

35 there will be no intermption on the compression at the point where the liquid is 

introduced from the inside of the screw. The supplied liquid will then be exposed to a 
back pressure in direction towards the inlet end of the screw compressor. The supplied 
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liquid will then be used, on its way towards the inlet end of the screw compressor, for 
rinsing of the matter that travels in the opposite direction. Thereby, the thus supplied 
liquid is efficiently used. 

5 The mouth is arranged closer .to the outlet end of the screw compressor than to its inlet 
end, so that liquid can be supplied to the matter that passes through the screw 
compressor when the matter ahready has been exposed to compression over more than 
half of the length of the screw compressor. Preferably, the mouth is arranged close to the 
outlet end of the screw compressor so that the distance from the mouth to the end of the 
10 thread is 20 % of the length of the screw at the most and preferably so that the distance 
from the mouth to the end of the thread is 10 % of the length of the screw at the most. 

Prefera.bly, the screw is a symmetrically compressing screw. 

1 5 The invention also relates to a method for compressing and washing wet matter in a 
screw compressor. The matter that is to be compressed and washed may be wet 
domestic waste matter e.g., that contains residues of fat and proteins. The inventive 
method comprises the following steps. The wet matter is compressed, whereby the wet 
matter is dewatered. Preferably, the wet matter is synmietrically compressed so that it is 

20 compressed equally much from all sides. After the wet matter has reached a dry content 
of at least 35 %, a washing agent is supplied to the dewatered material. Even more 
preferably, the washing agent is supplied only after the matter has reached a dry content 
of at least 40 % and most preferably at least 45 %. After the supply of the washing 
agent, the material is additionally compressed. When the matter consists of domestic 

25 waste matter containing organic substances, the washing agent may consist of warm 
water. If the matter consists of pulp, the washing agent may for example consist of 
sodium hydroxide (NaOH) for raising of pH, acid for adjusting of pH or chlorine 
dioxide (CIO2) for bleaching and removal of lignin from the pulp. The washing agent is 
pressed in coimter current in relation to the compressed matter. Thereby, an efficient use 

30 of the washing agent is achieved. 

The inventive method may advantageously be practiced by aid of the inventive screw 
compressor. Accordingly, it should be understood that the inventive method may 
comprise such steps and measures that follow as a matter of course from using the 
35 inventive screw compressor, notwithstanding if such steps or measures are explicitly 
mentioned or not The method may accordingly comprise the providing of a screw 
compressor comprising a screw having an outer thread with a pitch that decreases in the 
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longitudinal direction of the screw, and a casing that encases the screw. The casing has 
an inner side that faces the thread of the screw so that matter may be passed ahead 
through the screw compressor between the screw and the inner side of the casing in a 
direction from an inlet end of the screw compressor, where the pitch of the screw thread 
5 is greater, to an outlet end of the screw compressor, where the pitch of the screw thread 
is smaller. Then, wet matter is supplied to the inlet end of the screw compressor, where 
after the screw is operated to feed the wet matter that is supplied to the inlet end of the 
screw compressor, ahead through the screw compressor in a direction towards the outlet 
end of the screw compressor. The wet matter is directed so that the matter is prevented 

10 from rotating along with the screw and instead moves essentially straight through the 
screw compressor. The wet matter is dewatered by compression in the screw 
compressor, until the wet matter has reached a dry content of at least 35 %. Thereafter, a 
washing agent is supplied to the dewatered matter, whereby the washing agent is 
supplied to the dewatered matter through the rotating screw so that the washing agent is 

1 5 uniformly supplied to the dewatered matter. Additional compression of the dewatered 
matter takes place in the screw compressor after the washing agent has been supplied 
through the screw. The washing agent supplied accordingly is pressed in counter current 
in a direction towards the inlet end of the screw compressor. It should also be 
understood that the inventive screw compressor in a corresponding manner is arranged 

20 for execution of the inventive method and exhibits the features that are necessary 
therefore, notwithstanding if these features are explicitly mentioned or not. 

DESCRIPTION OF DRAWINGS 
Fig, 1 diagrammatically shows a screw compressor. 
25 Fig. 2 shows a screw suitable to be used in the inventive screw compressor. 
Fig. 3 shows an advantageous embodiment of the screw. 
Fig. 4 shows a front end of the screw compressor. 
Fig. 5 shows an example of a suitable design of the casing. 
Fig. 6 shows, as seen in cross-section, another conceivable design of the casing. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a screw compressor 1 for compressing matter 2 that passes 
through the screw compressor 1. The inventive screw compressor comprises a screw 3 
having an outer thread 4 with a pitch that decreases in the longitudinal direction of the 
35 screw 3, and a casing 5 that encases the screw 3. The casing has an inner side 6 that 

faces the thread 4 of the screw 3 so that matter may be passed ahead through the screw 
compressor 1 between the screw 3 and the inner side of the casing 5 in a direction from 
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an inlet end 7 of the screw compressor, where the pitch of the screw 3 thread 4 is 
greater, to an outlet end 8 of the screw compressor 1, where the pitch of the screw 3 
thread 4 is smaller. The screw 3 and the casing 5 have a section that is tapered in the 
operating direction of the screw compressor and that preferably is conically tapered. In a 
5 corresponding manner, the inside of the casing 5 is conically tapered too. The screw 
compressor further comprises appliances 9 on the inside of the casing, that are arranged 
to prevent matter that passes through the screw compressor from rotating along with the 
screw 3, so that the matter instead will pass essentially straight ahead in the longitudinal 
direction of the screw 3. The screw compressor 1 further comprises a conduit 10 

10 arranged inside the screw 3, for supply of liquid, which conduit 10 has at least one 
mouth 1 1 on the outside of the screw 3, so that liquid may be fed through the screw 3 
and be delivered to matter that passes through the screw compressor 1 . The mouth 1 1 is 
arranged on the outer surface of the screw 3, in order thereby to rotate with the screw 3 
so that liquid that is introduced via the conduit 10 is uniformly delivered to the matter 

15 that passes the screw compressor 1. The screw compressor 1 is designed to press the 
liquid that is supplied via the mouth 1 1 (or mouths 1 1) in coimter current and in a 
direction towards the inlet end 7 of the screw compressor 1, i.e. in a direction axially 
backwards. In order to achieve such a backwards flow, the degree of compression in the 
screw compressor 1 is preferably such that no decrease in the degree of compression 

20 occurs, at least not in the area where liquid is to be supplied. Hence, the compression is 
undiminished when washing agent is supplied. Suitably, the degree of compression can 
be constant from the inlet end 7 to the outlet end 8 of the screw compressor. The 
constant degree of compression contributes to create a back pressure so that the liquid 
will flow in counter current to the matter. Furthermore, the casing 5 of the screw 

25 compressor is, at least over a part of its length, a water-tight casing that is impervious to 
liquid or essentially impervious to liquid. Thereby, liquid is prevented from being 
pressed out radially, but instead pressed-out liquid v^U move axially. Preferably, the 
casing 5 is impervious to liquid (or essentially impervious to liquid) over the greater 
part of the area between the inlet end 7 of the screw compressor 1 and its outlet end 8. 

30 In a preferred embodiment, the casing 5 is impervious to liquid in the entire area 
between the inlet end 7 of the screw compressor 1 and the outlet end 8 of the screw 
compressor. One or more liquid outlet holes 40 are arranged in coimection with the inlet 
end 7 of the screw compressor 1 • Washing agent and liquid that is pressed out from the 
matter that is displaced through the screw compressor 1 moves axially backwards and 

35 flows out through the outlet hole 40 or outlet holes 40. 
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The mouth 1 1 is preferably arranged closer to the outlet end 8 of the screw compressor 
1 than to its inlet end 7, so that liquid can be supplied to the matter that passes through 
the screw compressor 1 when the matter already has been exposed to compression over 
more than half of the length of the screw compressor 1. Preferably, the mouth 1 1 is 
5 arranged close to the outlet end 8 of the screw compressor 1, so that the distance from 
the mouth 11 to the end of the thread 4 is 20 % of the length of the screw 3 at the most 
and even more preferred 10 % of the length of the screw 3 at the most 

It is now referred to Fig. 3. Over at least a part of its length, the screw 3 is preferably a 
symmetrically compressing screw 3» so that the screw compressor 1 is a symmetrically, 
i.e. uniformly, compressing screw compressor over at least a part of the length of the 
screw compressor. Such a screw and screw compressor, respectively, are described in 
Swedish patent application No. 9501 118-5 that corresponds to US patent No. 5,960,71 1. 
Then, the screw compressor is designed such that the compression takes place linearly 
and imiformly at the transport of the matter through the screw compressor, i.e. the 
volume inside the conical part of the screw compressor decreases with essentially the 
same factor per length unit along the entire length of the conical part of the screw 
compressor and the compression of one volume unit in the screw is essentially equal in 
all directions so that the shape of the matter inside the screw compressor can be 
resembled by a helicalised square rod, all four sides of which being equally tapered 
towards the outlet end 8. This may be achieved by the screw being dimensioned such 
that an outer diameter D of the screw thread and the diameter d of the screw core, oyer 
at least the main part of the extension of the screw, change axially in the screw 
compressor from a first axial position in which the outer diameter of the screw thread = 
Di and the diameter of the screw core = di, to a second axial position that is situated 
later in the travelling direction of the matter, in which the outer diameter of the screw 
thread = D2 and the diameter of the screw core = d2, according to the formulae 

30 

where K is a compression ratio, i.e. the volume of the matter in the first position in 
relation to the volume of the matter in the second position and n is an number between 
2.5 and 3.5, preferably between 2.7 and 3.3, suitable between 2.9 and 3. 1 . In the ideal 
case, n = 3. This is described in greater detail in Swedish patent application No. 
35 9501 1 1 8-5 and US patent No. 5,960,7 1 1 . 
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The invention also relates to a method for compressing and washing matter in a screw 
compressor 1 . The matter that is to be compressed and washed may be wet domestic 
waste matter that contains fat and proteins. According to the inventive method, wet 
matter 2 is compressed to dewater the wet matter while the wet matter is pressed 
5 forwards through a compressor. Preferably, the compression is performed symmetrically 
so that the wet domestic waste matter 2 is compressed equally much from all sides. 
When the matter has been dewatered to a dry content of at least 35 %, a washing agent 
is supplied to the compressed matter. The washing agent may be a fat and/or protein 
dissolving washing agent. More preferably, the washing agent is supplied only after the 

10 matter has reached a dry content of at least 40 % and most preferably at least 45 %. 

After supply of the washing agent, additional compressing of the domestic waste matter 
2 takes place. The supplied washing agent is pressed axially backwards, i.e. in a 
direction that is counter current to the direction of the matter that is compressed, so that 
the washing agent eflSciently will rinse the matter that is compressed. The washing 

1 5 capacity can be measured by controlling pH, the content of residual chemicals e.g., or 
by comparing the amount of organic matter before and after washing. 

The inventive method may advantageously be practiced by aid of the inventive screw 
compressor 1 . The method may accordingly con:^>rise the providing of a screw 

20 compressor 1 comprising a screw 3 having an outer thread 4 with a pitch that decreases 
in the longitudinal direction of the screw 3, and a casing 5 that encases the screw 3. The 
casing 5 has an inner side 6 that faces the thread 4 of the screw so that matter may be 
passed ahead through the screw compressor 1 between the screw 3 and the inner side 6 
of the casing 5 in a direction from an inlet end 7 of the screw compressor, where the 

25 pitch of the screw 3 thread 4 is greater, to an outlet end 8 of the screw compressor 1, 

where the pitch of the screw 3 thread 4 is smaller. Wet matter is supplied to the inlet end 
7 of the screw compressor. Thereafter the screw 3 is operated to feed the wet matter that 
is supplied to the inlet end 7 of the screw compressor, ahead through the screw 
compressor 1 in a direction towards the outlet end 8 of the screw compressor. The wet 

30 matter is 2 directed so that it is prevented from rotating along with the screw 3 and 

instead moves essentially straight through the screw compressor. Then, the wet matter is 
dewatered by the compressing in the screw compressor I . The liquid that is removed 
from the wet matter is pressed axially backwards through the screw compressor 1 in a 
direction towards the inlet end 7 of the screw compressor 1 . When the wet matter has 

35 reached a dry content of at least 35 %, a washing agent is supplied to the dewatered 
matter, whereby the washing agent is supplied to the dewatered matter through the 
rotating screw 3 so that the washing agent is uniformly supplied to the dewatered 
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matter. Thereafter, the dewatered matter is additionally compressed, after the supply of 
washing agent. The supplied washing agent is pressed axially backwards in a direction 
towards the inlet end 7 of the screw compressor 1 . Then, the washing agent travels 
counter current in relation to the matter that is being compressed. Thereby, the washing 
5 agent is used efficiently, hi a preferred embodiment of the invention, the wet matter is 
dewatered to a dry content of at least 40 %, before the washing agent is supplied. Most 
suitably, the wet matter is dewatered until it has reached a dry content of at least 45 % 
before the washing agent is supplied. Preferably, the washing agent is supplied during 
unduninished compression of the wet matter. Preferably, the degree of compression is 
10 constant during the entire course of events, all the way from the inlet end 7 of the screw 
compressor 1 to its outlet end 8. Preferably, the wet matter snould be uniformly 
compressed during its passage through the screw compressor. It is an advantage if the 
dry content is high when the washing agent is supplied 

1 5 When the invention is used for compression of domestic waste matter, the organic 

matter that is washed out from the waste matter may be recovered, by the organic matter 
being transported to a digestion tank and being used for production of hydrogen gas for 
example. It is also possible to recover mmerals from the organic matter, which minerals 
can be used for fertilisers for example. 

20 

Such a method may then comprise compressing of the wet domestic waste matter 2, 
whereby the wet domestic waste matter 2 is dewatered while the waste matter is being 
pressed forward through a compressor and whereby the compressing preferably takes 
place symmetrically, so that the wet domestic waste material 2 is equally much 
25 compressed from all sides. Advantageously, the compressor may consist of the inventive 
screw compressor 1 described above. Thereafter, a fat and/or protein dissolving washing 
agent is supplied to the compressed and dewatered domestic waste matter, the washing 
agent being supplied only after the domestic waste matter 2 has reached a dry content of 
at least 35 %, more preferably at least 40 % and most preferably at least 45 %. After 
. 30 addition of the washing agent, the domestic waste matter is additionally compressed to 
rinse and/or press out organic matter from the domestic waste matter by the addition of 
washing agent and the compression following thereupon. Thereby, in a preferred 
embodiment, the washing agent is brought to flow in a direction that is opposite to the 
direction in which the domestic waste matter moves during the compression. Thereafter, 
35 the organic matter separated from the domestic waste matter is recovered by placing the 
organic matter in a digestion tank where after hydrogen gas is extracted from the 
organic matter in the digestion tank. 
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By washing agent being supplied only at the end of the screw, when the matter has 
reached a high dry content, the advantage is attained that the washing agent is not as 
much diluted as would be the case if the washing agent has been supplied earlier on in 
the process. 

5 

By washing agent being supplied via a rotating mouth to the matter that is fed straight 
ahead, the advantage is attained that the washing agent is uniformly distributed. 

By no interruptions existing in the compressing in the area where liquid/washing agent 
10 is supplied, it is easier to achieve the desired eflfect that the supplied washing agent is 
pressed backwards in a direction towards the inlet end of the screw compressor. It 
should also be imderstood that by a constant degree of compression in the screw 
compressor, not only the supplied washing agent will be pressed backwards towards the 
inlet end of the screw compressor but also liquid present in the wet matter will flow 
1 S backwards towards the inlet end during compression. 

By the screw compressor compressing uniformly, so that the degree of compression is 
constant, this contributes to achieve a backwards flow of liquid. 

20 By the casing of the screw compressor being impervious to liquid, the advemtage is 
attained that liquid/washing agent is prevented from being pressed radially outwards, 
but instead liquid/washing agent can be pressed axially backwards. 

By the conduit's 10 mouth 1 1 being arranged closer to the outlet end of the screw 
25 compressor than to its inlet end, the advantage is obtained inter alia that the wet matter 
obtains a considerable increase in dry content before the washing agent is supplied. 

By the screw and the inside of the casing being conically tapered in a direction towards 
the outlet end of the screw compressor, an eflBcient compression is attained. 
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